such as fluffy feathers, black skin and bones, blue earlobes, rose comb, polydactyly, feathered legs, and short tail feathers, first written about from the travels of Marco Polo around the time of the Ming Dynasty, but likely generated well before then, must have understood genetic ratios and how they operate in making combinations. No doubt there could be other examples. However, Mendel was the first to publish an attempt to attribute a significance or ''law'' to such ratios! Some have questioned whether Mendel knew the actual significance of his work (Endersby, 2007) and that Correns, de Vries, and Tschermak, who discovered similar findings in 1900, should rightfully be declared the fathers of genetics. Yet, Mendel did recognize a pattern where others did not; he recognized that there were factors following these patterns that determined characteristics of organisms; he tried to rationalize how inheritance in general could be explained by many such factors. While it might or might not be the case that the numerical classes of inherited characteristics were recognized before Mendel, to his credit he explicitly stated that the factors he studied were involved with inheritance. Indeed, this fact is apparently not necessarily intuitive as illustrated by those that went before him and did not recognize the significance of these patterns. Sophomore genetics students also illustrate this point. After many attempts by the author to explain the meaning of Mendel's results, an exasperated student exclaimed during office hours: ''Why does two piles of peas mean that a gene is involved?''
Menaces
One reason that Mendel's work might have not met with wide acceptance is that it actually did not seem to explain much about how inheritance is realized in practice. We now know that his ''factors'' behave as they do because they reflect the mechanics of meiosis. Because of this realization, we automatically think in Mendelian terms with regard to the action of alleles and genes regardless of whether or how they affect the phenotype. But meiosis was not known at the time. And most traits that we typically examine are controlled by quantitative trait loci that are multigenic, semidominant to some degree, of small effect and variable in the extent with which they affect the phenotype. Mendel actually noted that some characteristics that he considered showed ''the difference is of a 'more or less' nature.'' and therefore he did not use them. He refers to the characters that he did use as ''constant characters.'' He notes that previous workers had described hybrids as often intermediate between the parents but he ascribes this to the random distribution of multiple characters that were independent of each other. The variation for quantitative characters is of low magnitude and multigenic; therefore, it is difficult to observe segregation ratios. Mendel rationalized this by suggesting that an astronomical number of progeny would be needed to see the reconstitution of a parental type. Indeed, in a broad sense, this is true. Another feature of hybrids that potentially confounded the acceptance and appreciation of Mendel's studies is the phenomenon of hybrid vigor or heterosis. Mendel actually noted the more robust nature of hybrids in his description of the dwarf versus normal sized pea plants. Darwin (Darwin, 1876) also examined this reaction of hybrids extensively and Mendel made no attempt to explain it, rightfully so.
The most famous example of results that stood in the way of acceptance was Mendel's use of hawkweed (Hieracium spp.) in subsequent experiments to confirm his results with peas, beans, and other species (Mendel, 1870) . Hawkweed exhibits very extensive variation in form and features that would have seemed to be an excellent system to investigate their behavior in hybrids and their progeny. However, the reason for this great variability is that hawkweed is clonally reproduced via the process of apomixis that bypasses meiosis but still produces seeds. New mutations or chromosomal abnormalities that arise in a clone are maintained. However, because they produce pollen and seeds, one would be tricked into believing hybrids could be made when in fact this would not be the case. Mendel thought he had succeeded in producing hybrids but they usually followed the ''maternal'' type indicating the presumed stable nature of the characters, which did not revert (Endersby, 2007) . Ironically, this line of investigation was encouraged by the Swiss botanist, Carl Nageli (Mendel, 1870) , a proponent of a view at the time of blending inheritance, the concept that determinants come together in hybrids and mix irrevocably, but because hawkweed reproduces asexually, hybrids resemble the maternal parent and do not usually produce intermediate phenotypes that were the hallmark in the perpetuation of the blending concept.
Mendel could not have made sense of his observations without setting aside quantitative traits and heterosis although his article states that he did just that for many aspects of hybrid plants, apparently realizing this need. These three ''menaces'' to Mendel, quantitative inheritance, heterosis, and apomixis represent three little understood aspects of genetics to this day and are worthy of investigation. The number of genes and their intricate interactions affecting quantitative traits (Mackay, 2014) and the potential non-linearities that they exhibit (Birchler and Veitia, 2012 ) are yet to be fully elucidated. Heterosis, despite being the foundation of world food production, has managed to conceal its secrets (Birchler, 2015) . Likewise, apomixis (Ronceret and Vielle-Calzada, 2015) , which has been proposed to fix heterosis for clonal propagation over multiple generations, is equally mysterious.
Mechanism
In the highly speculative scenario that Mendel had submitted his manuscript to a present day high impact journal, it would no doubt be dismissed as ''descriptive,'' ''premature,'' and ''lacking in mechanistic insight'' with the result that what is considered to be a seminal contribution to science would be relegated to a specialty journal. However, all of science is descriptive; it just varies in the level and magnitude of detail. Every novel discovery is premature in understanding and lacking in details of mechanism. It would not have been possible to define much in the way of mechanism at the time. Mendel's work preceded the discovery of meiosis in 1876 by Hertwig and its explanation by Weismann in 1890. Even after the rediscovery of Mendel's work, it took the suggestion of Sutton, Boveri, and Wilson that Mendel's factors reside on chromosomes and the formulation of the chromosome theory of inheritance to gain an appreciation of why Mendel's factors behaved as they do. Perhaps a lesson to be learned is that valid observations existing in a mechanistic vacuum are to be valued and used as an inspiration for experiments to understand them better.
Models
Although the details are missing and will never be known for certain, Mendel's Introduction to his paper (Mendel, 1866) suggests that he was aware of the phenomenon of ''reversion'' and had a ''model'' to explain this phenomenon. The model was useful in finding a good organism for the experiments (i.e., peas because they have concealed self-pollination but can be crossed when desired) and selecting the plant characters to examine. Yet Mendel went on to attempt to explain, using his model, the commonly known observation that hybrids could often be intermediate (now referred to as semidominant, additive, or dosage sensitive) in phenotype between the parents. While there is a partial insight in his explanation of multifactorial basis, his attempted explanation likely was unpersuasive in the context of his time.
Darwin conducted extensive studies of intentional self-pollination of a wide variety of plant species (Darwin, 1877 ) that naturally outbreed and documented the changes seen. He clearly found everything that Mendel did but not in as systematic way. For flower morphs, called pins and thrums, that foster outcrossing by their alternately placed stigmas and anthers, Darwin found what we now call dominant and recessive forms, which when hybrids were made and the progeny self-pollinated, the next generation ''reverted'' to both grandparental types but favoring one in number (i.e., the dominant form). In Primula vulgaris, he studied these flower morphs, which also differed in the parents for purple and yellow flower color, which, upon selfing the hybrids, the progeny showed a ''3:1'' ratio of purple to yellow. Further self pollination showed that the yellow form bred true and the purple again ''reverted'' with a preference for the purple form. The flower color characteristic was independent of the flower morphs. In his study of tristyly with three morphs, he also clearly states that ''it is the rule that plants thus derived usually consist of both parental forms, but not of the third form,'' illustrating he recognized that only two types could be present in any one individual. The flower morph forms could breed true while the flower color reverted, which we now call independent assortment. Thus, one can recognize in Darwin's data, dominant and recessive characters, the fact that only two forms are present in a hybrid, their reappearance in the next generation and the independence of different characters. But Darwin did not subscribe any ''law'' to these observations; he entered the study concerned that these plants did not naturally inbreed and were often highly sterile when they did-facts that he sought to understand within the context of his concept of natural selection. His ''model,'' if one will allow the analogy, made him focus on his issue of concern and therefore he did not recognize the same principles of inheritance that Mendel did.
Models are good for designing experiment to test the limits and validity of a hypothesis. However, the originators of models often overextend their explanatory power. On the other hand, they also restrict one's thinking to a particular intellectual framework leaving potentially informative experiments unimagined. The examples of Mendel and Darwin illustrate both of these points. This in no way diminishes their respective contributions to science.
Marketing
Scientific acceptance depends on when, where, and by whom new knowledge is proposed. With regard to Mendel, Cock, and Forsdyke (Cock and Forsdyke, 2008) noted: ''Then, as now, in marketing, simple messages worked. Then, as now, the same applied to the marketing of scientific ideas. Accordingly, subtle scientific ideas tended to lose out to simple scientific ideas and subtle scientists tended to lose out to the unsubtle.'' While there was an excitement that followed the ''re-discovery'' of Mendel's laws in 1900, there were many skeptics. The British biologist, William Bateson, who had been studying discontinuous variation in Brassica and who coined the term ''genetics,'' became a traveling salesman for Mendelian principles speaking in favor far and wide with great zeal (Cock and Forsdyke, 2008) . Ironically, Bateson himself was skeptical of the chromosome theory of inheritance, preferring instead to think in terms of many independent factors determining organismal characters (Cock and Forsdyke, 2008) . Eventually, the Drosophila work of the T.H. Morgan lab showing association of genetic factors with chromosomes in various ways convinced Bateson (Cock and Forsdyke, 2008) .
It is often stated that seminal scientific discoveries would not go unnoticed for long because, if they are important, others will soon find them. But is that true? In the last paragraph of his paper, Mendel described white flowers with red stripes, which was likely due to a transposable element insertion into a flower pigment gene. Yet, it was not until the 1940's that Barbara McClintock recognized the subtle patterns required to decipher mobile genetic elements (McClintock, 1950 ) that this phenomenon began to be understood. Yet again, it took decades further before the significance of McClintock's discoveries was realized and their generalization was appreciated.
A common principle often invoked in scientific discourse is Occum's Razor. This principle dictates that the simplest or most parsimonious explanation should be favored. However, one should keep in mind that a simple explanation that does not explain the facts is to be discarded. Sydney Brenner introduced the concept of ''Occum's Broom,'' which is used to sweep inconvenient truths under the rug to salvage the ''simplest'' explanation. Recognizing when to use the razor and avoid the broom is a useful reflection in evaluating scientific models as the subtle Mendel and McClintock examples attest.
And More
In his garden Mendel planted his peas And made many crosses 
